and accuracy of Aboriginal and Torres Strait Islander descriptors have been uncertain (AIHW & NBOCC, 2009; Chong & Roder, 2010) . The former have also shown more advanced stages of breast cancer that would predispose to lower survivals (Condon et al., 2005a; 2005b) .
BreastScreen Australia provides screening mammography principally to detect breast cancer early to reduce mortality. Screening is directed primarily at 50-69 year olds although women aged 40-49 and over 70 years can participate. Screening participation has been lower in Aboriginal and Torres Strait Islander than other women although participation among the former has increased (AIHW, 2006; AG, 2009; AIHW, 2010; AIHW & AG, 2010) . It is expected that accreditation and self-reporting of Aboriginal and Torres Strait Islander status would have contributed to a higher level of completeness and accuracy of Aboriginal and Torres Strait Islander descriptors in the BreastScreen database than in most administrative data (CAUS, 2005) .
In this study, screening and assessment experiences and outcomes are compared by Aboriginal and Torres Strait Islander status in 50-69 year old Australian women to obtain benchmarks for monitoring and evaluation. In addition, invasive breast cancer survivals are compared by Aboriginal and Torres Strait Islander status within the screening cohort, irrespective of whether diagnosis occurred during the period of screening or after leaving the program. The purpose was to determine whether there were inequalities that needed attention.
By restricting the study to women with a screening history, it is recognized that differences in breast cancer characteristics are likely to have been smaller by Aboriginal and Torres Strait Islander status than in the population more generally. Inequalities would still be important, however, and potentially more amenable to change, given engagement of these women with BreastScreen Australia.
Materials and Methods
In part one of this study, unit record data for 50-69 year old BreastScreen participants held at the Australian Institute of Health and Welfare (AIHW) for the 1996-2005 screening period were analysed (AG, 2009 ). These were the most recent data aggregated nationally that included all the items required. Initially percentages of women with specified screening experiences (e.g., screening participation, recall to assessment, biopsies, cancer detection and surgical management) were analyzed by Aboriginal and Torres Strait Islander status, where applicable weighting equally for initial and subsequent screening rounds.
Relative odds (odds ratios) were derived from crosstabulations by Aboriginal and Torres Strait Islander status (Armitage & Berry, 1987) . The data generally were analyzed by screening round (initial versus subsequent) and pooled using the Mantel-Haenszel procedure (Armitage & Berry, 1987) . Ninety-five per cent confidence limits were regarded as indicative rather than exact due to potential lack of independence from individual women contributing more than one observation. Relative odds were the odds of a specified screening experience occurring in Aboriginal and Torres Strait Islander women, divided by the corresponding odds for other screened women. Where the lower 95% confidence limit was above 1.00, a greater probability of that experience occurring in Aboriginal and Torres Strait Islander than other women was indicated. Conversely where the upper 95% confidence limits was lower than 1.00, the probability was lower in Aboriginal and Torres Strait Islander than other women.
Potential for confounding was apparent from interrelationships between Aboriginal and Torres Strait Islander status, breast cancer incidence, screening and socio-demographic characteristics. For example, breast cancer incidence increases with age and is lower in remote and lower socio-economic areas (AIHW & NBOCC, 2009) . Detection rates are also known to be higher at initial than subsequent screens and there is evidence that they were higher in 2001 -2005 than 1996 -2000 (AG, 2009 . Screening participation and experiences vary by socio-demographic characteristics and calendar year of screening (i.e., 1996-2000 compared with 2001-2005) . For example, higher screening participation has been observed in inner and outer regional areas than in more remote areas and major cities, and secular increases have applied in rates of recall to assessment and invasive cancer detection (AG, 2009) .
Least square regression models were therefore used to measure associations of Aboriginal and Torres Strait Islander status with each screening experience (Davis et al., 2001 , Davis et al., 2002 , adjusting for age (60-64 and 65-69 versus 50-59 years), remoteness of residence (i.e., inner regional, outer regional or more remote area versus major city according to the Australian Standard Geographical Classification (ASGC) of residential Statistical Local Areas (SLAs) (AIHW, CA & AACR, 2008)); socio-economic status of SLAs (i.e., five quintiles of the Socio-economic Indexes for Areas (SEIFA) Index of Relative Socio-economic Disadvantage using the lowest quintile as the reference category (AIHW, CA & AACR, 2008)); screening time period (expressed as 2001-2005 versus 1996-2000) ; and screening round (subsequent versus initial) (AIHW, CA & AACR, 2008; Armitage & Berry, 1987) .
Modeling was undertaken for dichotomous indicator variables for specific experiences. Specifically a linear function of the explanatory variables was estimated for the logit of the "yes" response proportion. Parameter estimation was based on weighted least square regression where regression weights were set equal to the observed rounds in the cross classification. The SAS module PROC REG was employed. Cox proportional hazards regression was used to estimate relative risks of death (i.e., hazards ratios) according to Aboriginal and Torres Strait Islander status. A multiple linear regression model was used to control for the confounding effects of other predictor variables in the models (i.e., age at diagnosis, remoteness of residence, socioeconomic status of area, and diagnostic period, and in some analyses, cancer size, nodal status and whether diagnosis occurred within four months of the last screen) (Armitage & Berry, 1987) . When estimating this model, the only censoring criterion was survival until the end of the observation period (i.e., December 31st 2006). This approach was also used to estimate relative risks of death from breast cancer by Aboriginal and Torres Strait Islander status after adjusting for these predictor variables. In this latter analysis, deaths from other causes and the end of the observation period for living cases were censoring events. The technique relies on the condition that time to the event (i.e., deaths or deaths from breast cancer) has a distribution that is invariant with respect to each of the explanatory variables. A Chi-square test statistic that is a function of differences in observed monthly frequencies showed this to be a tenable assumption at the 5% significance level.
Results

I. Analyses of BreastScreen data Socio-demographic characteristics (Table 1).
Differences were evident between Aboriginal and Torres Strait Islander and other screened women in: (1) age distribution (p<0.001) with 32.3% of the former being under 60 years compared with 29.4% of other women; (2) remoteness of place of residence (p<0.001) with 52.2% of the former living in outer regional or more remote areas compared with 13.1% of other women; (3) level of socioeconomic disadvantage of area of residence (p<0.001) with 67.9% of Aboriginal and Torres Strait Islander compared with 39.8% of other women living in the bottom two socio-economic quintiles; and (4) screening period 
Screening characteristics by Aboriginal and Torres Strait Islander status (Table 2).
1. 24-month screening participation rate. The participation rate was lower in Aboriginal and Torres Strait Islander (36.3%) than other women (57.5%). Compared with other screened women, the unadjusted relative odds of screening participation (95% confidence limits) were 0.55 (0.54, 0.56) for Aboriginal and Torres Strait Islander women, but this increased from 0.55 to 0.73 after adjusting for differences in age, remoteness, level of socio-economic disadvantage, and screening period.
2. Rescreening within 27 months (note: analysis only included index screens occurring 27 months or more before the end of the study). Aboriginal and Torres Strait Islander women were less likely than other women to be rescreened. For all screens combined, the proportion rescreened within 27 month was 60.1% for Aboriginal and Torres Strait Islander women and 70.4% for other women. The relative odds of rescreening within 27 months was 0.60 (0.53, 0.69) in Aboriginal and Torres Strait Islander women after adjusting for socio-demographic correlates and differences in calendar year period. Among rescreened women, Aboriginal and Torres Strait Islander women were less likely than other women to be rescreened again within 27 months (80.2% compared with 85.6%). The relative odds also were low at 0.68 (0.57, 0.80) after adjusting for socio-demographic differences and difference in calendar year period.
3. Symptomatic status The percentage of women reporting symptoms at screening was low irrespective of Aboriginal and Torres Strait Islander status, at around 3.5%. This figure was higher for initial screens at 4.1% than the 3.0% for subsequent screens. Overall, the relative odds were slightly elevated in Aboriginal and Torres Strait Islander women at 1.08 (1.03, 1.15) (screening-round adjusted) and marginally so at 1.02 (1.00, 1.04) after also adjusting for socio-demographic differences and difference in calendar year period.
Recall to assessment. Aboriginal and Torres Strait
Islander women were less likely than other women to be recalled to assessment (4.7% compared with 5.8%). The relative odds were 0.89 (0.80, 0.98) after adjusting for socio-demographic differences and difference in calendar year period. The probability of women being assessed within the recommended 28 days (BSA, 2008) 
5. Having a biopsy (including fine-needle aspiration and core biopsy but not open biopsy). There was little difference in biopsy rate by Aboriginal and Torres Strait Islander status, either among all screened women, where about 1.5% had a biopsy, or among recalled women where about 24% to 26% were biopsied.
6. Detection of invasive breast cancer. Aboriginal and Torres Strait Islander women were less likely than other women to have an invasive cancer diagnosis (0.3% compared with 0.5%). The relative odds were 0.72 (0.60, 0.87) (screening-round adjusted) but this increased to 1.13 (0.98, 1.30) after also adjusting for socio-demographic differences and difference in calendar year period. Among women recalled to assessment, a lower proportion of Aboriginal and Torres Strait Islander women (6.5%) than other women (8.1%) were found to have invasive breast cancer. The relative odds were not significantly reduced, however, at 0.81 (0.66, 1.01) (screening-round adjusted) and became significantly elevated at 1.20 (1.01, 1.43) after also adjusting for socio-demographic differences and difference in calendar year period.
Detection of ductal carcinoma in situ (DCIS). There was not a statistically significant difference in detection rate for DCIS in screened women by Aboriginal and Torres Strait Islander status (rates equaling 0.1%). The relative odds of DCIS in Aboriginal and Torres Strait
Islander compared with other women became elevated at 2.32 (1.82, 2.95), however, after adjusting for sociodemographic correlates and difference in calendar year period. Among women recalled to assessment, there was also a similar detection rate for DCIS irrespective of Aboriginal and Torres Strait Islander status (rates equaling 2.0%). The relative odds of DCIS became elevated at 1.11 (1.08, 1.14) in Aboriginal and Torres Strait Islander women, however, after adjusting for socio-demographic differences and difference in calendar year period.
8. Detection of large (>15mm diameter) compared with smaller lesion. There was little difference in the proportions of invasive cancers that were large among Aboriginal and Torres Strait Islander (39.8%) and other screened women (37.7%). The relative odds for Aboriginal and Torres Strait Islander women were 1.16 (0.77, 1.77) (screening-round adjusted), but this increased to 1.84 (1.48, 2.29) after also adjusting for socio-demographic differences and difference in calendar year period. Large lesions among invasive cancers and DCIS lesions collectively were more common in Aboriginal and Torres Strait Islander (43.4%) than other women (38.5%). The relative odds for Aboriginal and Torres Strait Islander women were 1.20 (0.82, 1.76) (screening-round adjusted), with this increasing to 1.63 (1.33, 2.01) after also adjusting for socio-demographic differences and difference in calendar year period.
9. Surgical management. The proportion of cancers treated by mastectomy rather than complete local excision was higher for Aboriginal and Torres Strait Islander (34.8%) than other screened women (28.2%). This gave a relative odds of 1.50 (0.92, 2.43) (screening-round adjusted) and 1.55 (1.02, 2.36) after also adjusting for socio-demographic correlates and difference in calendar year period. Similarly the proportion of women with invasive cancer or DCIS treated by mastectomy compared with complete local excision was higher for Aboriginal and Torres Strait Islander (31.0%) than other screened women (27.3%). The relative odds were 1.36 (0.88, 2.11) (screening-round adjusted) and 1.45 (1.01, 2.10) after also adjusting for socio-demographic differences and difference in calendar year period.
II. Analyses of linked BreastScreen and cancer registry data Socio-demographic characteristics (Table 3).
The age distribution of Aboriginal and Torres Strait Islander women was lower than for other women with breast cancer (p<0.001) (e.g., 20.6% Vs 11.7% under 50 years; 13.0% Vs 20.1% aged 70 years or more). Place of residence also varied (p<0.001), with fewer Aboriginal and Torres Strait Islander than other women living in major cities (36.5% Vs 68.5%) and more of the former living in remote or very remote areas (20.4% Vs 1.5%). Meanwhile, Aboriginal and Torres Strait Islander women were more likely than other women to live in lower socioeconomic areas (p<0.001) (e.g., 41.1% Vs 20.2% in the lowest quintile; 6.2% Vs 22.1% in the highest quintile). Breast cancer characteristics (Table 4) A larger proportion of breast cancers among Aboriginal and Torres Strait Islander than other women was diagnosed in more recent time periods (p<0.001), the proportion diagnosed in 2000-06 being 74.5% and 63.2% respectively (note: there is the potential for secular differences in measurement of Aboriginal and Torres Strait Islander status to have affected this difference). Aboriginal and Torres Strait Islander women had on average larger breast cancers (p=0.003), the proportion exceeding 15mm being 51.6% compared with 43.8% for other women. Meanwhile, the proportion of breast cancers that were node positive was 54.9% for Aboriginal and Torres Strait Islander women compared with the 43.6% for other women (p<0.001). Statistically significant differences were not found by Aboriginal and Torres Strait Islander status for morphology type (p=0.212) or whether breast cancer diagnosis had occurred within four months of the last screen (p=0.961).
Crude five-year survivals (Table 5) Crude five-year survivals were lower for Aboriginal and Torres Strait Islander than other women at 80.8% compared with 89.6%. Aboriginal and Torres Strait Islander women had lower survivals in each age category, irrespective of remoteness of residential location. Differences in survival by Aboriginal and Torres Strait Islander status were not consistent, however, by socioeconomic status or diagnostic period.
Multi-variable proportional hazards regression
1. Deaths from all causes (Table 6 ). After adjusting for age at diagnosis, remoteness of residence, socio-economic status and diagnostic period, Aboriginal and Torres Strait Islander women had an 84% higher risk of death from any cause than other women. Supplementary analysis was undertaken adjusting in addition for tumour size, nodal status and duration from last screen to diagnosis (i.e., whether it was within four months). (Note: this analysis was restricted to the 44.0% of women in the study where data were available on these additional characteristics.) This supplementary analysis gave a relative risk of 2.22 (1.53, 3.21) for Aboriginal and Torres Strait Islander women. (Table 7) . After adjusting for age at diagnosis, remoteness of residence, socio- 
Deaths from breast cancer
: Pearson chi-squared test (1 and 2 degrees of freedom respectively) (see text); **Overall, 0.7% of breast cancers occurred in Aboriginal and Torres Strait Islander women, with this proportion increasing from 0.5% of those diagnosed in the 1990s to 0.8% of those diagnosed in 2000-06. 
Discussion
Aboriginal and Torres Strait Islander women participated less frequently in breast screening and rescreening than other women which was not fully explained by their age, area of residence or period of screening. This is likely to contribute to the larger sizes of their breast cancers at diagnosis and their poorer survivals at a population level (Condon et al., 2005a (Condon et al., , 2005b AIHW & NBOCC, 2009; Chong & Roder, 2010) . Opportunities to further increase screening participation by enhancing screening accessibility and cultural appropriateness may exist although there is much that has been done already and there is evidence from this study that the participation gap is decreasing.
Aboriginal and Torres Strait Islander women may have a slightly higher prevalence of symptoms at screening than other women, which is largely but potentially not entirely explained by socio-demographic differences and difference in calendar year period. If real, the explanation may be that these women are more likely than others to use BreastScreen for symptomatic purposes in preference to less accessible diagnostic services. Another explanation may be that the larger cancers in Aboriginal and Torres Strait Islander women were more likely to be symptomatic. Opportunities to increase access to appropriate diagnostic services should be investigated and all women with symptoms should be encouraged to attend diagnostic as opposed to screening services, although it is recognized that there would be substantial impediments due to geographic remoteness in some instances.
Aboriginal and Torres Strait Islander women were less likely than other women to be recalled for assessment and those who were recalled were less likely to be assessed within the recommended 28 days. This may be due to the time taken to obtain film reading, as for mobile services for example, in the pre-digital era, plus the longer travelling distances for assessment. Opportunities to reduce barriers through the provision of transport services and ongoing education should be explored, although again, it is recognized that there are difficulties inherent in geographic remoteness and that much has already been done.
The lower detection of invasive breast cancers in Aboriginal and Torres Strait Islander women is consistent with recognized differences in population-based incidence (AIHW & NBOCC, 2009) , although this did not apply after adjusting for socio-demographic correlates.
Aboriginal and Torres Strait Islander women had elevated DCIS detection rates after adjusting for sociodemographic factors and difference in calendar year period. The reasons for this are not known. Possibly risk factors associated with lower invasive cancer detection in Aboriginal and Torres Strait Islander women, potentially including differences in fertility rates, age at first full-term pregnancy, and use of hormone replacement therapy, did not have an equivalent effect on DCIS. This finding warrants further study.
Sizes of invasive cancer at diagnosis were larger in Aboriginal and Torres Strait Islander than other women after adjusting for socio-demographic correlates and difference in calendar year period, and likely would be contributing to higher case fatality. This underscores the need to optimize regular screening participation in this high-risk group of women.
Aboriginal and Torres Strait Islander women were more likely than other women to have a mastectomy than complete local excision of their breast cancers. This may be due to choice, larger tumour sizes or lower access to radiotherapy services. Further research is needed to determine reasons for this finding.
The five-year survivals of breast cancer cases (incorporating cancers diagnosed during the screening period and after leaving the screening program) were 81% for Aboriginal and Torres Strait Islander women and 90% for other women. These were higher than the corresponding population-based survivals of 65% and 82% respectively which were estimated previously for four Australian states and territories where Aboriginal and Torres Strait Islander descriptors were considered adequate for survival comparison (AIHW & NBOCC, 2009 ). The present survival data correspond with five-year case fatalities of 19% for Aboriginal and Torres Strait Islander women and 10% for other women in this study (i.e., 100-81 and 100-90 respectively).
Multivariable analysis showed that after adjusting for diagnostic period and socio-demographic factors (i.e., age, remoteness of residence, and socio-economic status), the risk of death (any cause) was 84% higher in Aboriginal and Torres Strait Islander than other women diagnosed with invasive breast cancer. A corresponding 68% elevation in risk of death from breast cancer was also observed in a parallel model. This indicates that the higher risks of death observed in Aboriginal and Torres Strait Islander women were not explained by socio-demographic factors.
When multivariable analyses were repeated, adjusting for tumour size, nodal spread, and whether diagnosis occurred within four months of prior screening (note: in a sub-group of 44% of women with recorded tumour size, nodal spread and time from prior screening), in addition to diagnostic period and socio-demographic factors, the risk of death (any cause) was 122% higher in Aboriginal and Torres Strait Islander than other women. A corresponding 96% elevation in risk of death from breast cancer also was observed in a parallel model. While a decrease in relative risk might have been expected after adjusting for these characteristics, this analysis applied to a sub-set of cases where these data were available that was not drawn to be representative of the total.
The reasons for excess deaths in Aboriginal and Torres Strait Islander women in this sub-set, after adjusting for socio-demographic and tumour characteristics, are not known, but it is likely from results of previous studies that they would reflect higher levels of co-morbidity in the Aboriginal and Torres Strait Islander population (e.g., diabetes and respiratory, cardiovascular and renal diseases) and potentially less complete cancer treatment due to geographic remoteness and cultural factors (AIHW 2008) . These cultural factors may include differences in perceived value of treatment and in obligations of community members with cancer to attend to community responsibilities.
In conclusions, this study shows less favourable screening experiences, screening outcomes, breast cancer characteristics and survivals in Aboriginal and Torres Strait Islander women than other women with a history of screening, although better survivals than generally observed among these women at a population level. Although these national findings may not apply in individual settings, they highlight the continuing need to address inequalities faced by the Aboriginal and Torres Strait population.
